Neomycin is formulated into nanoparticles in order to increase the therapeutic efficacy, decrease the dose of drug and to decrease the topical dose related toxic effects. The present study was aimed at the preparation of zinc nanoparticles (ZN), chitosan nanoparticles (CN), zinc neomycin nanoparticles (ZNN) and zinc chitosan neomycin nanoparticles (ZCNN) in order to compare their antibacterial activity. Nanoparticles were prepared by subjecting the nano suspension containing the specified ingredients to stirring at 40 C for 4-5 h. The prepared nanoparticles were evaluated for particle size and surface morphology by Transmission Electron Microscopy (TEM), mean particle size and particle size distribution by DLS, percentage yield, loading efficiency, in vitro drug release by diffusion technique and agar cup plate method. TEM microphotographs and zeta sizer analysis revealed that the prepared nanoparticles were in the nanometric range, the particle size and particle size range of ZCNN was less compared to ZNN indicated more surface area of ZCNN. Among all the nanoparticles prepared, percentage yield, loading efficiency, in vitro drug release and zone of inhibition was found to be more for ZCNN. Thus, the results suggested that ZCNN act as promising drug delivery systems with better in vitro characteristics compared to other nanoparticles with increased therapeutic activity of neomycin.
INTRODUCTION
Nanotechnology deals with design, characterization and application of various structures, devices and systems by controlling the size and shape at nanometric scale. Nanoparticles can be defined as sub-micron sized colloidal particles composed of synthetic or semi-synthetic polymers having size range of 1 nm to 1000nm [1] . They contain macromolecular materials in which the active principle (drug / biologically active agent) is dissolved or entrapped or encapsulated or adsorbed or attached [2] . They act as carrier for various chemotherapeutic agents and biomolecules such as proteins, drugs, vaccines and genes. Nanoparticles can be easily up taken by the cells and can reach every cell to produce effective delivery when compared with conventional carrier [3] . These nanoparticles when coated with polymers provide an increased therapeutic benefit by minimizing the side effects [4] . These enable the drug to enhance the bioavailability, decrease the toxicity [5] , decreases the frequency of administration, drug targeting [6] .
Metallic nanoparticles are sub-nanosized colloidal particles produced from metals are used as biosensors, *Address correspondence to these authors at the Institute of Pharmaceutical Technology, Sri Padmavathi Mahila Visvavidyalayam, Tirupati, A.P., India; Tel: +91-9949576350; E-mail: vidyasur@rediffmail.com Institute of Frontier Technology, Regional Agricultural Research Station, Acharya N G Ranga Agricultural University, Tirupati-571 502., A.P., India; E-mail: tnvkvprasad@gmail.com catalysts and targeted drug delivery systems. Advantages of metallic nanoparticles include high surface to volume ratio [7, 8] , uniform size distribution, better optical properties [9, 10] , better interaction with the biomolecules both at the surface and interior of the cell. Zinc oxide nanoparticles have anti-bacterial, antifungal and growth promoting activity. Several antimicrobial mechanisms of zinc oxide were supposed as (i) hydrogen peroxide, which is generated from the surface of zinc oxide, can penetrate through the cell membrane, produce some type of injury, and inhibit the growth of the cells [11] (ii) the affinity between zinc oxide and bacterial cells is an important factor for antibacterial activity.
Chitosan is used as a polymer because it exhibits antimicrobial activity against bacteria [12] , fungi and yeast, biocompatible [13] , non-toxic, biodegradable [14, 15] , used as wound healing accelerator [16, 17] as it enhances the function of polymorph nuclear cells, macrophages and enhances fibroblastic proliferation of migration [18] . These properties render chitosan a very attractive material as a drug delivery carrier [19] [20] [21] ; hence chitosan nanoparticles have been extensively developed and explored for pharmaceutial action in past two decades.
Nanoparticles have a relatively large (functional) surface which is able to bind, adsorb and carry other compounds such as drugs, probes and proteins. Because of their ability to carry the drugs and proteins, zinc chitosan neomycin nanoparticles were formulated to enhance the therapeutic efficacy of neomycin to decrease the dose related toxic effects of neomycin ointment such as hypersensitivity reactions, rashes and burning sensation by decreasing the dose of the drug and enhancing its effect. Zinc and chitosan were used because of their antibacterial activity [22] and in order to determine the individual contribution for antibacterial activity in zinc chitosan neomycin nanoparticles. 
MATERIALS AND METHODS

Materials
Methods
Preparation
of Zinc Chitosan Neomycin Nanoparticles 2% neomycin, 2% chitosan and 0.2% nano zinc oxide solutions were prepared. 50ml of zinc oxide solution was added to 40 ml each of neomycin and chitosan solutions. The preparation of nanoscale zinc oxide was done using oxalate decomposition method. The above solution was stirred continuously using magnetic stirrer by heating at 40 C for 4-5 hr followed by centrifugation. The sediment was dried and the dried nanoparticles were evaluated. Different following nanoparticles ( Table 1) were prepared by the same procedure.
Characterization of Nanoparticles
A. Particle Size and Surface Morphology i. TEM Analysis
The morphological characteristics of nanoparticles were determined by Transmission electronic microscopic (TEM) TEM1200EXJEOL, Japan. Specified quantity of ZNN and ZCNN were placed on the carbon coated copper grid making a thin film of sample on the grid and extra sample was removed using the cone of a blotting paper & kept in grid box sequentially. Then TEM microphotographs of nanoparticles (ZNN and ZCNN) were taken ii. Particle Size Measurements
The particle size and size distribution of the drug loaded nanoparticles (ZNN and ZCNN) were measured using Dynamic Light Scattering technique (DLS) (Nanopartica SZ 100, Horiba, Singapore) at 170 degree scattering angle. The zeta potential was also measured using the same instrument.
B. Compatibility Studies a. UV-Vis Spectroscopy
The compatibility of drug and nanoparticles was studied by using Uv-Vis spectrophotometer (Shimadzu) in scan mode.
b. FT-IR Spectroscopy
This study was carried using Tensor 27 (Bruker) to find out the compatibility between drug (neomycin), polymer (chitosan) and zinc by scanning from 4000 cm -1 to 400 cm -1 in FT-IR spectrophotometer. Samples were prepared for drug neomycin, polymer chitosan, and the nanoparticle of drug, polymer and zinc. The possible interaction between neomycin, chitosan and zinc was accessed by comparing FTIR spectra of pure drug (neomycin), polymer (chitosan) and nanoparticle formulation. 
C. Percentage Yield
The formulation is centrifuged and sediments were dried. Then percentage yield was calculated as follows:
% Yield = Nanoparticles weight X 100 Total solids weight
Total solids weight = weight of nano zinc oxide + weight of neomycin + weight of chitosan.
D. Loading Efficiency
Nanosuspension with known amount of drug was centrifuged at 5000 rpm for 15 min. The supernatant solution was separated. 5 ml of supernatant was mixed with 100 ml of distilled water. Absorbance was measured using UV Spectrophotometer using distilled water as blank. The amount of drug present in the supernatant was calculated from which the amount of drug entrapped and % entrapment was determined.
Loading efficiency = Total amount of drug -Amount of unbound drug Nanoparticles weight X 100
E. In Vitro Drug Release Studies i. In Vitro Drug Release by Diffusion Studies
In vitro drug release studies were conducted to estimate the rate of release of drug and to find the time taken to release the total drug [23] . The diffusion studies were carried out using dialysis membrane. 5 ml of formulation was accurately placed in this assembly. The cylinder was suspended in 50 ml of dissolution medium maintained at 37± 5 C. So that the membrane just touched the receptor medium surface. The dissolution medium was stirred at lower speed using magnetic stirrer. Aliquots of samples were withdrawn at regular intervals and replaced with equal volume. The samples were analyzed by UV-Visible spectrophotometer and cumulative percentage release of formulations was specified in the tabular form. The quantity of drug equivalent to 10 mg was taken for diffusion study.
ii. In Vitro Antibacterial Activity by Agar Cup Plate Method
The prepared nanoparticles were evaluated for antibacterial activity against four different strains with agar cup plate method by measuring the zone of inhibition of microorganisms using gram positive and gram negative organisms. The zone of inhibition was determined for ZN, CN, ZNN and ZCNN formulations separately by incubating for 24 hr at 37 ± 2 C. Zone of inhibition was determined using antibiotic zone reader. This was done in triplicate and average diameter was noted.
RESULTS
A. Particle Size and Surface Morphology i. TEM Analysis
Particle size and surface morphology of ZNN and ZCNN were determined by Transmission Electron Microscopy and its TEM microphotographs are shown in Figures 1 and 2 respectively. The particle size of ZNN was found to be in the range of 32-130 nm and ZCNN was found to be in the range of 34-120 nm. 
ii. Particle Size Determination-Dynamic Light Scattering Technique (DLS)
Mean particle size and particle size distribution of ZNN and ZCNN were determined by using DLS technique. The hydrodynamic radius and size distribution of ZNN and ZCNN were shown in Figures 3  and 4 respectively. The decrease in size of nanoparticle by incorporation of polymer was also observed.
B. Compatibility Studies
The compatibility of neomycin with chitosan and zinc in zinc chitosan neomycin nanoparticles was determined through UV scan, FT-IR analysis. The UV spectrum of pure drug solution and zinc chitosan neomycin nanoparticle formulation was identical and the characteristic absorption maximum was appeared at 273 nm. The FT-IR spectra of pure neomycin, pure chitosan and ZCNN were obtained and the characteristic bands of pure neomycin were almost found in FT-IR spectrum of ZCNN similar to pure neomycin spectrum.
C. Percentage Yield & Loading Efficiency
The % yield of nanoparticles was varied from 72.45 ± 0.12 to 83.04 ± 0.31 as given in Table 1 . The loading efficiency of ZNN and ZCNN was found to be 75.92% ± 0.23and 80.11% ± 0.32 respectively as given in Table  2 .
D. In Vitro Drug Release
i. By Diffusion Studies
The invitro drug release rate from zinc neomycin nanoparticles (NP3) and zinc chitosan neomycin nanoparticles (NP4) is shown in Figure 5 .
ii. By Agar Cup Plate Technique
The antibacterial activity of different nanoparticles was determined against four different bacteria and shown in Figure 6. 
DISCUSSION
In the present study, ZNN and ZCNN were prepared and characterized to find out the effect of zinc and chitosan on antibacterial activity of ZNN. It was also compared with pure zinc nanoparticles (ZN) and pure chitosan nanoparticles (CN). These zinc chitosan neomycin nanoparticles were formulated to get maximum loading efficiency, invitro drug release by diffusion studies and agar cup plate method.
It is evident from the TEM microphotographs (Figures 1 and 2) that ZCNN are more spherical in shape with smooth surface when compared to ZNN. The particle size of ZNN and ZCNN was found to be 128nm and 111.6nm respectively. A significant decrease (P<0.05) in particle size was found in case of ZCNN when compared to ZNN, indicated the incorporation of chitosan into the structure of nanoparticles lead to significant decrease in the size of nanoparticles.
The decrease in size of nanoparticle by incorporation of polymer was also confirmed by particle size analysis using Nanopartica SZ-100. The mean hydrodynamic radius of ZNN and ZCNN was found to be 128nm and 111.6nm as shown in Figures 3 and 4 . As the nanoparticles made with chitosan (ZCNN) are more reticulated, it leads to smaller size when compared to nanoparticles prepared without polymer (ZNN). The particle size, mean particle size was significantly decreased in ZCNN when compared to ZNN. This reticulation of nanoparticle by the polymer lead to the formation of more interlacing links to a closed network which finally lead to decreased particle size, so it also allowed to capture more drug which was observed with increased loading efficiency by addition of polymer. The narrow size distribution or more uniform size distribution was found with ZCNN than ZNN, may be due to reticulation effect of polymer.
The compatibility of neomycin with chitosan and zinc in zinc chitosan neomycin nanoparticles was determined through UV-Vis spectroscopy and FTIR analysis. The UV spectrum of pure drug solution and zinc chitosan neomycin nanoparticle formulation was identical and the characteristic absorption maximum was appeared at 273 nm. The % yield of nanoparticles varied from 72.45 ± 0.12 to 79.13 ± 0.26. Among all the prepared nanoparticles the % yield was found to be less for zinc nanoparticles (NP1) i.e., 72.45% and highest for zinc chitosan neomycin nanoparticles (ZCNN) i.e., 79.13% as shown in Table 2 . The % yield was found to be increased with incorporation of chitosan into zinc neomycin nanoparticles (ZNN).
The loading efficiency of ZNN was 75.92 % whereas 80.11% in case of ZCNN ( Table 2 ). The loading efficiency ZCNN was increased when compared to ZNN. This indicated an increase in loading efficiency with incorporation of polymer, may be due to formation of reticulated polymeric sheath around the nanoparticles and it ultimately increased the drug loading [24] [25] [26] [27] .
The in vitro % drug release by diffusion studies was determined for all the nanoparticles for 2 hrs. At the end of 2 h the in vitro % drug release of different nanoparticles was found to be between 74.67 to 79.56 % as shown in Figure 5 . The in vitro % drug release from ZNN was found to be 74.67 % and from ZCNN it was found to be 79.56 %. It may be due to the role of polymer on diffusion of drug neomycin. It can be supported by the reports about the capacity of chitosan in promoting macromolecules permeation through wellorganized membrane [28] [29] [30] .
The in vitro drug release was also determined by measuring the zone of inhibition using agar cup plate technique against four different strains of gram positive and gram negative microorganisms as given in Figure  6 . The antibacterial activity of drug loaded nanoparticles was significantly more than blank nanoparticles against all selected species (P<0.05). Among the prepared nanoparticles, zinc nanoparticles were found to have the least antibacterial activity and ZCNN were found to possess highest antibacterial activity (Figure 6 ). It may be due to the synergistic effect of all the ingredients i.e., zinc, chitosan, neomycin present in the formulation and also due to increased surface area with decrease in particle size. Increase in antibacterial effect was found by increased drug loading, when compared with ZN and CN. However, pure chitosan nanoparticles (CN) have shown higher in vitro antibacterial activity than zinc nanoparticles, indicated more capacity of chitosan to act against different strains of bacteria, ZCNN was found to possess highest anti-bacterial activity when compared to other formulations [31] .
CONCLUSION
A novel nanoparticle based drug delivery system with the slow-releasing action has been demonstrated. Of all the nanoparticle formulations, ZCNN were found to possess maximum percentage yield, loading efficiency, in vitro drug release and in vitro antimicrobial activity. This may be due to smaller particle size and uniform size distribution of ZCNN compared to ZNN, which enhances the surface area. This strongly suggests the use of nanoparticles in drug delivery systems in the form of metallic nanobiocomposites as better drug delivery systems to reduce the dose of the drug, thereby to reduce the dose related toxicities by enhancing the efficacy of the drug.
